Introduction
Health-care systems worldwide address the needs of the people but the shortage of health professionals is an issue that both developed and developing economies have to face 1 . The health workforce is defined as a group of people aiming to promote, protect and improve the health of a population 2 but over time it has been subjected to globalization, provoking migration of skilled intellectual and technical labor to more highly developed countries leading to insufficient personnel to meet local health-care needs 2, 3 . Health workforce planning is a complex and systematic process which aims to determine the appropriate number and composition of health teams required to improve the level of health in the population 6. Careful planning in the production and deployment of health workforce is important to ensure that their uses are optimized. A number of health workforce models have been developed to assist planners in estimating human resources requirements. The method chosen by health planners reflect their political, economic and social values of a health system.In the early 1960s, the aim of workforce planning was to achieve and sustain "the right number of people, in the right place, with the right skills, at the right time". More recently, driven by financial limitations and demands for efficient use of resources, the additional importance of finding workers "with the right attitudes, doing the right work, at the right cost, with the right productivity" was emphasized 9 . A practical approach to workforce planning involves the following steps: i) the establishment of measurable goals for oral health services based on situation analysis, taking into consideration of available workforce, facilities and funds; ii) the calculation and distribution of the workforce needed to achieve the goals; iii) the assessment of the health services goals that can be achieved with the current available workforce and the training programme that are in operation or needs to be developed; iv) the modification of goals if there is no combination of workforce that can satisfy the initial goals; v) recalculating the workforce needed for the new goals; vi) the establishment of the quantitative and qualitative goals for workforce production 10, 11 . These steps need to be repeated until the number and types of workforce required to deliver the oral health goals is achieved. The target should not be about producing the highest proportion of health professionals, the aim should instead set on having the quantum suitable with the population needs, demands and the country's health budget 8 . Numerous workforce models have been developed to assist oral health planners in deciding the appropriate number and the proper mix of human resource skills. The method chosen to estimate workforce requirement reflects the political and economic choices and social values of a health system 7 . Most of the models intend to
Health Needs Model
The Health Needs Model uses the current disease levels of the population to calculate the workforce requirements 7, 8, 13 . Professional judgment or normative need is used to estimate the most appropriate services and technologies needed for a specific type of health needs. The number, type, frequency and quality of services to be provided to the section of the population that suffers from diseases are quantified and these are converted into the amount of time required by health professionals to perform the services. The current quantity of health providers needed is calculated using estimates of health professional's annual working hours and the population's health status or treatment need 7 . A forecast of future health workforce requirements can also be made based on the trends in the population's health needs and the demographic distribution of health professionals 13 . The health needs approach is explained using the following formula 6, 12 : Mpt = P * C * V * T W Where: Mpt = workforce required in year t; P = the population that needs a given type of care for a specific health problem in year t (current or projected) C = the average number of conditions' per person per year V = the average number of a given kind of service per condition per year, based on need T = average time required per service W = average workload of the individual practitioner -total amount of service time provided by the average practitioner per year for a given service.
The health needs method can be perceived as rational by both health professionals and members of the public because it is consistent with social and professional ethics which warranted that health services be provided to all those in need regardless of their social and economic circumstances. The health needs method was considered suitable for use in a country with a sound planning capacity, an active government policy toward health, a dominant public sector, and a relatively high public awareness of health issues Requires a high level of skills and knowledge of the health care workers 2. Ignores the question of efficiency in allocation of resources among other sectors eg school teachers, primary health workers 3. Ignore the perceived needs of the population and other impacts of healthy population 4. Ignores the reality of economic demand 5. Difficulty of converting the dental health status measurement into treatment needs 6. Does not take into account evidence-based dentistry and use of outdated approaches by health professionals 7. Is likely to project unattainable service and staff targets.
Health Demands Model / Utilization Technique:
In this method, workforce requirements are projected based on current and estimated future utilization rates. Indices of demand are constructed using utilization rates by age, sex, occupation and race; and future demand is derived from the expected changes in the size of these population groups and the proportionate change in services that this might imply in the future 6, 13 . Demand and utilization are two terms that have been used interchangeably. Demand is defined by the seeking behaviour for health care by patients, resulting directly from the perceived or subjective need for treatment 17, 18 while the term utilization refers to the amount of dental care consumed or purchased as a result of compromised decisions between the patients and providers 19 . The workforce requirement is projected based on the data of dental utilizations obtained from health providers, the average dental visits made by the patients and the expected population growth 6 . Proxies for demand/utilization data have been used such as practitioner's productivity or professional opinion surveys.DeFriese and Barker (1982) 12 or other influences of demand such as data on dental insurance or socioeconomic status 20 . The demand-based method is based on several assumptions. Demands or the productivity of the health care providers observed in the past or in the base year are assumed to remain constant over time despite any possible changes of the populations" demographic profile and evolution of tasks for health workers 8, 11, 12 . The supply of dentists is assumed to rise according to market demands and increases in patient visits will require proportionate increases in dental workforce requirements. It is also presumed that there is less or no variability among dentists in terms of their patient volume and auxiliary utilization.
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DOI
Strengths
6, 20 : 1. provides a comprehensive view of the dynamics of health services utilization 2. avoid the risk of setting excessively expensive or unrealistic objectives 3. captures more of the reality of the dental marketplace Limitations 11,20,21,22 : 1. Relies heavily on utilization rates and assumes that increases in demand should create increased supply. 2. Fails to understand that there are some populations who are in need but could not demand for it. 3. It violates severe fundamental assumptions of a perfectly competitive market 4. Does not take into account financial or economy factors. 5. Produces a status quo projection, since future population segments are assumed to have similar utilization rates as base year segment Service Target Method: The Service Target Method involves the setting of targets by health authorities for the production and delivery of specified health services at various levels of care, considering the current level of technology, the demand of the population for certain services and the various services already performed by health workers. Compared to the need and demand-based method, this method uses other criteria to develop targets, which would consequently create demand or provision of health workforce. These other criteria include factors such as the public demand for services, political views, costs, efficiency for service delivery, likely effects, segment of the population benefitted, access and administrative feasibility 6, 7, 8 . When the number of services has been identified, the workforce required to render the services is calculated.This method was used by Adams and Woods (1990) 23 when estimating physicians" requirements for Canada. They assessed the current levels and future targets of service adjusted by experts" opinion on the norms provision of care. However they only addressed the physicians" requirement without looking at the possibility of substitution among health workers. Dreesch et al (2005) 7 addressed this limitation by combining both the service target approach and functional job analysis to estimate the human resources needed to achieve the Millennium Development Goals (MDGs). The potential for sharing skills among various objectives/health programmes and combining and substituting various skills were identified in that study. 
2.
Errors of judgment could be made on productivity rate and capacity to deliver.
The Manpower to Population Ratio method:
The Manpower to Population Ratio is the simplest workforce method to apply and to understand compared to other approaches as it is a count of health care personnel for a given population. The desirable ratios are established on the basis of current situations, international comparisons, recommended standards, ratios observed in a favored area of the country and extrapolation of past trends 6, 7 . However, the ratio used is arbitrary and not universally defined and usually depends on disease levels, workforce adequacy and oral health goals 10 . For example, at one point it was suggested that the acceptable ratio is one dentist to every 2000 people 25 , and then a decade later the recommended ratio changed to one dentist to every 5000 people 26 . WHO (1980b) 10 outlined a working basis for oral health services planning based on the following workforce ratio: i. Ratio of 1:20,000 and lower requires planner to focus more on the assessment of existing and projected resources over the next 10 years. This method is based on several assumptions, most of which are not justified and cannot be easily defended. The model assumes that there will be a constant need and demand of health professionals 8, 13, 27 , regardless of changes in the populations demographic profiles, changes of health pattern, political and economic situations and research advances. It also assumes that health professionals" productivity would remain the same and that there will be no evolution of tasks for both the professionals and other supporting health workers and no advances in technology would be further created 7, 20, 28 . The supplies of health workforce and health facilities are assumed to be independent of wages and demands for health services are independent of prices and ability to pay 28 . The straight forward calculations of the number of health workforce to the number of population, without disaggregating them into different geographical areas, would presumably indicate that there is reasonable geographical distribution of health workforce in both areas. Some modifications of the manpower-population approach have been proposed. Thailand modified this method by including other measurements such as the specific characteristics of the Thai health care system and the future economic scenarios 29, 30 estimated the number of dentist needed in the United States by adding measures of total dental output and gross billings of dental practice in the ratio method. Others have included adjustments for factors such as the age of the health professionals, the impact of water fluoridation and the increased productivity due to average auxiliary utilization 31 . 
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The Econometric Model:
The Econometric Model is sometimes described as a simple equation of supply and demands which requires few variables, but other times it is defined as a complex equation that could involve numerous variables 31 . Data required for projection would depend on the scope and complexity of that particular model. This model uses the interaction between supply and demand, but emphasizes the price of health care (to the patient) and income (to the providers) as the primary factors. The model divides the health sector into a demand sector, which is concerned with the decisions of the general population to seek care; and a supply sector which is concerned with the decisions of providers to supply care 32 . The interaction between these two will determine how much care is provided, to whom, and at what prices. The actual demand will depend upon the prices people are willing to pay for the services which includes the price of dental care, annual per capita income of the population, availability of health insurance and waiting time, both in securing an appointment and in being kept waiting in the health care agency 32, 33 . Health care providers' willingness to offer services (supply) will depend upon the price received the value providers place on their own time, wages paid to other supporting health personnel and the state of existing technology. Given all the factors involved in determining supply and demand, it is the price that ultimately adjusts so that quantity supplied equals quantity demanded 32 .
The econometric model looks at many major economic variables that would influence demand and supply and uses possible scenarios to gauge possible consequences. This method was used in dental workforce projection in Wisconsin, United States 30 . Economic factors such as dentist location, average income, dental insurance and other practice costs were included in the modeling. The findings suggested a misdistribution of dentists in which concentration was highest in the largest counties 30 . This model assumes that the supply of workforce determines the demand, rather than vice versa 12 and that there is a constant interdependency between supply and demand. Certain variables are presumed to be the critical components in the health financial system and the relationship of those variables to the production of services is assumed to behave in accordance with general economic theory 31 . Health economic system may not behave in a traditional manner as presumed by the economists 3. Ignores the role of other supporting health workers 4. Does not sufficiently consider population health needs, budget pressures, political/ socio/ economic factors, the influence of the changing health system and the impact of outcomes.
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The WHO/FDIJWG6 Model (Need Based, Demand Weighted Method):In 1988, a Joint Working Group of the WHO and the FDI developed a spreadsheet computer programme (WHO/FDI JWG6) for prediction of dental workforce requirements. The proposed model takes into account various types of data: basic data for calculating oral care needs, modifying factors which influence decision-making and decisions on options and strategies available for plan implementation (Figure 1 ) 34, 35, 36 . The final outcome of the computer programme is expressed as an operator-to-population ratio specific for that population.
This Computer Programme Provides Two Sets Of Calculated Results:
a. The quantity of services required dealing with the needs of current and projected population and the full time equivalent (FTE) personnel needed to provide them. b. The quantity of services which could actually be provided given the level of demand.
The computer programme also requires that dental needs are divided into seven distinct groups for each age cohort (0-14 years, 15-29 years, 30-64 years, and 65-79 years). These are special group care (handicapped or geriatric), surgical group care (impaction and trauma), orthodontic care, restorative care, periodontal care, preventive care and prosthetic care 34, 36 . The WHO/FDI model has been used to estimate dental workforce requirements in France 35 . The model's prediction of the dentist to population ratio was similar to the current situation in France. However, that does not mean that the ratio was appropriate for that population. When using this model for projecting workforce needs for dentists in Lebanon, the model suggested that the projected supply of dentist will exceed the required number of dentists 37 . 
4.
Ignores socio-economic factors that could modify the behavior and the practice of dentists.
System Dynamic Model:
System Dynamic Model is a computer simulation programme that illustrates processes of accumulation and feedback and is used to find effective policies using various scenarios that can be tested in a systematic way that answers both what if" and "why". It was developed in the mid-1950s by computer pioneer, Jay W. Forrester. A key emphasis within the model is placed on the presence of feedback loops, characterized as loop of causes and effects. The details of causal factors that are responsible for a particular problem or affect the performance of a system needs to be laid out first. Then these causal factors are represented in diagrams that make the relationships among them explicit. It was suggested that the enumeration and diagramming steps should be carried out with active participation of decision makers. 40, 41 The System Dynamic model has been applied in dentistry by Hirsch and Killingsworth(1975) 42 and Steering Committee on Future Health Scenarios (1994) 43 . It was used in the Netherlands to simulate a model of supply and demand of the dental health care system. The model consisted of five sub-models concerning the population, the dental attendance behaviour, the pathology model which assessed the dynamic of caries and periodontal disease, the supply model which gave figures for the work potential of dentists and dental hygienists, and the treatment model 44 . Five different oral health scenarios were developed on the basis of the developments and expectations regarding dental health care and were tested on the simulation model 43 . The result showed that the model was able to replicate fairly well the behaviour of the Dutch dental health care system as observed for the period 1970-1984 45 . System dynamics shows potential of modeling multiple interacting diseases and risks and the relations between delivery system and diseased population 41 . It is useful in a data poor environment as model can be developed using important variables regardless the quality of the data. Consequently it will assist decisionmakers to identify data that should be collected in the future 40 . The major strength of this model is that it requires the involvement of decision-makers in the process. This would create a better understanding of the health scenarios being modeled and the greater commitment on the decision-maker's part to use the results subsequently. However decision-makers could be reluctant to take part in the disciplined and slow process of computer modeling. It will also not excite those who do not trust findings based on intuition 40 . Besides that, the requirement of multiple data might lead to overly complex models that are difficult to work with or to understand.
Strengths
40,41 : 1. Requires involvement of policy maker which will results use of product for policymaking 2. Useful in data-poor environments 3. The outcome is applicable at strategic level, concerning policies and new programme.
Limitations
40 : 1. Decision maker might not want to be involved in the disciplined and slow process 2. Decision makers might be unfamiliar with the technical aspects 3. Too much data are needed and might lead to overly complex models that are difficult to work with. 4. Unpredictability based on incomplete data and the unpredictability based on non-linear feedback loop.
Overall appraisal of the health workforce planning models
The different types of workforce planning models can be utilized by decision-makers in deciding the quantity and quality of health workers appropriate at the level of diseases and services available and affordable within the specified health budget. It is important to weigh the strengths and limitations of each model before choosing the right approach as different type of model chosen will generate different outcomes. Most of those methods discussed earlier, especially the Manpower to Population Ratio approach, are profession-specific and have largely failed to recognize the potential of substitution between health professions 7 . Nevertheless it is the most commonly used method to estimate dental workforce.
